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SUPPRESSED CIDELOBE HORN ANTENNA

This invention relates to microwave antennas and more specifically to & micro-
wave antenna with improved radiating characteristics,

When microwaves are radiated by means of horn antennas it has been the practice
0

to allow only one mode, such as the TEll

rectsngular waveguides), to propagate and to take special care to assure that all other

or TEOl mode (O and refer to circular and

....>s are suppressed. This invention provides for the combining of two modes of propaga-
inil in such power ratios that the beamwidths of the rediation pettern of the antenna are
equalized and sidelobes in the radietion pattern are greatly reduced.

Accordingly, one object of the invention is to provide an antenna having &
radiation pattern with greatly suppressed sidelobes.

A& further object is to provide an antenna which producer & and H plane radiation
patterns of equal beamwidths.

A still further object is to provide a means of altering the relative beamwidths
in the E and B planes, of radiastion emanating from an antenna.

These and other objects, and a full understanding of the invention may “e had by
reference to the following description teken in conjunction with the sccompanying drawings
in which:

Figure 1 is a cross sectional side elevation view of a horn antenna systewm
constructed in accordance with the invention.

Figure 2 is a representation of the rszdiation pattern for microwaves propagated

through a horn in the TE? mode, and represents the pattern thet may be observed from the

1

arrow 2-3 of Figure 1.

Figure 3 is a representation of the rediaticn pattern for microwaves propagsted

o)

through a horn in the THl

1 mode observed from the arrow 2-3 of Figure 1.
The inventicn comprises a microwave source 4 connected to & circulsr waveguide 1

whose end is connected to a transition chanber 2, of circular cross-secticn, ths transition
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chamber being connected to & circular horn antenns 3, The diameter of the circuler wave-

guide 1 is sufficiently small that microwaves are propagated only in the TE?l mode down the

weveguide 1 for the .rticular microwave frequency used, The diameter o the transition

0
11

cross section at plane 5 causes the generation of the Tﬂgl mode., At the plane of transition

and Tﬁ;l modes are approximstely in phase,

chamber 2 is large encugh so that the ™ mode can propegate in it. The sharp change in

0
&, both the TEll

The TEgl and TH;I modes travel with different velocities down the trznsition

char sr 2 and horn 3 and the chamber and horn are made so that the two modes ere in phase
o}

at the end % of the horn. The relative phases of the TEl

. . .
and Tﬁﬁl modes &t the end of the

ot

horn ¢ can be sdjusted by virying the lenzth of the truncition chamber 7 =nd horn 3.

\ . c s o}
when microwaves propagated in the TE;

, mode reach Iree space, power 1= rodiated

in meny directions as illuctrated in Figure 2. However, the width of the main beam 21
ai-ng the H plane is wider than along a perpendiculsr plene referred to as the E plane,

; . . o . v .
when microwaves propagated in the TEl mode reach free space the rediation pattern is &s

1

shown in Figure 3, and the width of the main beam 31 plusz 32 along the E plane is wider

than the width along the H plane. When both the TE;I and Tﬁgl modes &re propagisted, the

power radiated by each mode adds for each direction. By properly adjusting the relaztive
+ 1 k ™ <
power propageted in the AEll

planes may be made egual in the main bteam region so that the beamwidths are .pprovin. =iy

o} . s . :
and Tﬂll modes, totzl power radisted ciong the = and

equal along all planes, Alternatively, the beamwidth along the E and H rlvres 2nn e given

various ratios.,

s

The reduction of sidelobes is one of the mcst important adve-rn

-~
3

inventicn. The main beem 21 of waves radiated from the TEi, mode has its grester® -milibode
in the Jdirection in w#which the antenns ir pointing. The first cidelobe : 1 20w out
of phase with the main veam 21 by 1807 and sre stmdowed and lstelsl with o N V!
to indicate tris fact., The recond set of sidelctes 24 and 25 e T S S STE 8 4
the first ret 22 and 23 and this phase change for adjaceni rideloles sont.miss 0 ths rest
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of the sidelobes, In Figure 3 which shows the rediation pattern for microwaves propagated

in the Tﬂgl mode, there are two main lobes 30 and 31 of a certein phase, but the firct

sidelobes 32 and 33 ive the same phase ac the main lobes, Other sidelobes alternate in

phase as with the lobes of Figure 2. If radistion from the TE‘;1 mode is added to rediation

from the T‘il mode, as by adding the radiation patterns of Figure 2 and Figure 3, the main
beams 21, 30 and 31 will add while the sidelobes will tend to cancel out each other, By
croosing that ratio of strengths of the TE:1

mode and 32 and 33 of the TH;I modes are equal, (through 180° out of phase) the

and Tﬂgl modes where the sidelobes 22 and 23

(o]

sidelobes of the TE;l and Tﬂgl mode will cancel, The main beams 21, 30 and 31 will add

while all sidelobes will be suppressed. It should be noted that the relative strength of
the TEgl and Tﬂgl modes which yields the most suppressed sidelobes is also the ratio which
yeilds equal beamwidths in the E and H planes.

The actual dimentions of the transition chamber 2 and horn 3 can be determined
experimentally for the particular frequency which the antenna will radiate. The length L
il and TM;I modes are in phase at
the end of the horn 6; the length and angular opening of the horn 3 also has an effect on

of the transition chamber 2 may be adjusted until the TE

phase. The relative intensities of the TEil and Tﬁil modes can be altered by varying the
diameter D of the transition chamber. In perticular, it has been found thet sidelobes can
be greatly suppressed and equal beamwidths obtained along the E and H plenes for a
frequency of 9600 megacycles when W=1.25, D=1.6A0"; 0—60, L=0.25", znd Y=5.4"; where # is the
diameter of the waveguide 1, D is the diameter of the tramsition chamber 2, O i- the angular
opening of the horm 3, L is the length of the transition chamber 3, and Y is the dismeter
of the mouth 6 of the horn 3.

One purpose of the transition chamber 2 is to suppress undesirable uwodes =t the
transition plane 5 because the limited diameter of the transition chamber 2 rujpresses them.
Another purpose of the transition chamber 2 is to provide a simple meens of changing the

°  and ™. modes at the opening of the horn &, which can more

relative phases of the TEll 11
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easily be done by varying the length of the transition chamber 2 than by varying the length
and angle of the horm 3.

The combin’ 3z of the radiation patterns of two modes in a rectangular waveguide
system may provide more equal beamwidths end reduce sidelobes, but not as effectively as
with circular or eliptical waveguide systems.

The invention does not help suppress sidelobes along the H plane, but these side-
lobes are usually very small and there is no great need to suppress them.

One novel feature of the invention is the propagation of at least two modes in a
waveguide terminated in an antenna, the main beams of the radiation pattern of the antenna
being approximately in phase while some of those sidelobes of the two modes which have over—
lapping directions in the radiaztion pattern are sufficiently out of phase that they tend to
cancel ocut one another.

A second novel feature of the invention is an eliptical-circular waveguide and
antenna system including an antenna, means for propagating both the’TE;l and T!il modes
through said antenna of said system, said system so constructed that the main beams of the
radiation patterns of the TEY. and ™°. modes are apprbximately in phase corresponding side-

11 11

lobes of the TEil and T!;l modes are approximately 180° out of phase, and the intensity of

said corresponding sidelobes are approximately equal.
A third novel feature is in an eliptical-circular waveguide and antenna system

including an antenna, the improvement comprising means for propagating both the TEg1 and Tlil

modes through said antenna, said system so constructed that the main beams of the radiation

patterns of the TE:1 and Tﬂil modes are approximately in phase and power ratio of the main
beams is such that the sum of the two radiation patterns yields a main beam having approxi-

mately equal beamwidths along the E and H planes of the radistion patternm.

LDR:gh
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